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Abstract
Francisella tularensis is a pathogenic bacterium that causes tularemia in humans and infects over 250 species of animals. 

The recent sequencing of the genome of F. tularensis allowed the identification of the protein FTDG_01454. Although, the 
FTDG_01454 protein could be involved in the bacterium pathogenesis its ability to produce disease is not completely understood. 
Our aim was to predict the 3D structure and function of FTDG_01454 protein by computational tools, and infer related functional 
domains important for its biological activity. In this study, the primary and secondary structure was analyzed computationally. 
The 3D structure was predicted by homology modeling and the final model was equilibrated by 40 ns of molecular dynamics 
simulations. Two domains were identified as hydrolase enzyme catalyst motifs. Our findings demonstrate that FTDG_014 may 
be related to hydrolytic activity that may provide resistance to antibiotics. These results allow a better understanding on the role 
of this protein in the physiology of this bacterium.

Keywords: Carboxyl Esterase; FTDG_01454; Hydrolase, In 
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Introduction
Tularemia is a zoonotic disease caused by bacterium 

Francisella tularensis. The bacteria is capable of infecting over 250 
species, including humans, other mammals, fish, birds, amphibians, 
arthropods and protozoa [1]. Humans can become infected through 
several routes, including: Skin contact with infected animals, 
Ingestion of contaminated wáter or Inhalación of contaminate 
aerosol or agricultural dusts [2]. The Genus Francisella comprises 
Gram negative bacilli and includes four F. tularensis species 
with three subspecies including tularensis (Type A), holarctica 
(Type B) and mediasiatica. The other members of the genus are 
F. novicida, F. philomiragia and F. noatunensis (formerly known 
as F. philomiragia subsp. noatunensis); this species includes two 
subspecies that are noatunensis and orientalis [3,4]. F. tularensis 

subsp. tularensisis the most virulent species and causes severe 
disease in humans; whereas the disease caused by F. tularensis 
subsp. holarctica is less severe. Infectivity and lethality of F. 
tularensis has made it considered a potential bioterrorism agent 
[4,5]. Francisella tularensisis a not mobile facultative intracellular 
microorganism, and with aerobic metabolism [5,6,7,] which infects 
and multiplies “in vivo” within macrophages; however, it can also 
infect and survive in a number of non-phagocytic mammalian 
cells like hepatocytes, endothelial, epithelial and fibroblast cells; 
additionally it can survive in the neutrophils [4]. The genus 
Francisella can survive at low temperatures and in the absence 
of direct sunlight, in a wide number of terrestrial and aquatic 
habitats[5,8] .

According to the CDC´s classification [2], F. tularensis 
has been classified as a microorganism that can cause massive 
infections given its high infectivity and virulence.  The CDC has 
analyzed the consequences of a biological attack with F. tularensis 
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and reports that if a cloud of F. tularensis was dispersed over a 
100.000 population, the number of cases of diseased people to 
be expected would be 82.500 with around 6.200 deaths; assumed 
that the majority of cases would be the pneumonic and typhoid 
forms (the most severe). That is, an infection rate of 82.5% with a 
mortality of 6.2% [2].

Even though F. tularensis subsp. tularensis causes the most 
serious systemic infection from tularemia, probably due to its 
intraorganic dissemination capacity [9], the factors that determine 
its virulence have not been sufficiently studied. Some studies have 
linked high resistance to lysis of virulent strains with the expression 
of lipopolysaccharide S type (Smooth),[10,11]. It has also been 
reported the relationship between virulence and expression ACPA 
acid phosphatase (E.C. 3.1.3.2), which acts as an inhibitor of the 
respiratory burst of phagocytes; allowing the bacteria to survive 
within these cells [12]. Another study has linked the virulence with 
the expression of stress inducible proteins, which give the bacteria 
the ability to survive in adverse environmental conditions [13].

The sequencing of the genome of F. tularensis [14] allowed 
the identification of 1741 genes, within which the FTDG_01454 
protein coded, was identified as a protein that could be involved in 
the phatogenesis of the bacteria, making it a possible therapeutic 
target for immune protection against Tularemia [15].Obtaining 3D 
conformation of FTDG_01454 can be helpful for effective design 
of new experiments, such as site-directed mutagenesis, studies of 
disease-related mutations or structure-based drug design. For this 
purpose, in this study an “in silico” model of the three-dimensional 
structure of protein was predicted using templates with known 3D 
structure. In the next step, Molecular Dynamics (MD) simulation 
studies were performed to infer important functional regions 
associated with the biological activity. Our results describe some 
possible functions for FTDG_01454 related with the hydrolytic 
catalysis of carboxylesterase that would play a very important role 
in giving it a special antibiotic resistance as it allows the hydrolysis 
of CO, CN or CC and cellular detoxification of xenobiotics. 

Materials and Methods
Computational Analysis of the Primary Structure of 
FTDG_01454

The protein sequence of FTDG_01454 (Acc.No. 
EDN38632.1) was obtained through GenBank [16]. Similarity 
searches with other reported sequences was performed with 
the BLAST algorithm [17], available in NCBI [16]. The 
physicochemical properties were represented using amino acid 
indices [18]. To estimate the amino acid preference and thereby 
determine the orientation of a protein, we counted the total number 
of arginines and lysines at a protein’s N- and the C-terminal 
regions. Physicochemical properties, like accessibility profiles, 

stability index, aliphatic index, overall hydropathy, among others, 
were calculated with the Proteomic Tools Server [19].  To estimate 
the level of hydrophobicity of each region of a protein the Kyte-
Doolittle scale was used. Individual residue’s hydrophobicity 
scale was summed over the N- and the C-terminal regions. The 
isoelectric point (pI) and the molecular weight were obtained 
through ComputpI/Mw program [20]. To identify functional 
regions, we took the known catalysis of carboxylesterase sequences 
from PROSITE, built a multiple sequence alignment, and created 
10 domain profiles using HMMER. For a query protein, HMMER 
produces 10 bit scores indicating the probability that the protein 
contains each of the 10 carboxylesterase domains. To enrich the 
preference of physicochemical properties in different parts of the 
protein sequence, the sequence was divided into three regions, the 
N-terminus, the middle, and the C-terminus.

FTDG_01454 Secondary and Tertiary Structure 
Prediction 

To predict the FTDG_01454 secondary structure of F. 
tularensis we integrate 12 computational prediction algorithms to 
derive a consensus and having a prediction more accurately than 
using single predictors (SPOM, SOPMA, HNN, MLRC, DPM, 
DSC, GORI, GORRI, GORIV, PHD, PREDATOR and SIMPA96). 
[21]. The used methods are based on parameters determined by the 
relative occurrence frequencies of each amino acid and the relative 
frequencies obtained by Bayesian inference. The search for 
FTDG_01454 protein domains was performed by InterProscan [22].

The 3D structure prediction was performed by homology 
modeling with the MOE program [23] using as a template the 
crystal structure of the carboxylesterase (chain A) enzyme 
identified with phospholipase family (PDB ID: 4F21) [24] the 
constructed structure was visualized with pymol [25].

The model was subjected to a conjugate gradient energy 
minimization and 40 ns molecular dynamics simulation (MDs) in 
Desmond v3.0 using OPLS [26] force field [27]. The protein was 
solvated by an orthorhombic box of SPC water model, covering 
the whole surface of the system. Cl-ions were used as counter 
ions in order to neutralize the system. Before starting the MDs, 
the system was minimized and pre-equilibrated using the default 
relaxation protocol implemented in Desmond. The temperature was 
maintained at 300ºK, while pressure was kept at 1 atm, employing 
the Nose-Hoover thermostat method with a relaxation time of 1 
ps using the MTK algorithm [28] Data were collected every 10 ps 
during the MDs for further analysis. The 40 ns - MDs were done 
applying a restraint spring constant of 0.5 kcal × mol-1 ×Å-2 to 
the secondary structure of the protein.  The structural evaluation 
was carried out by Ramachandran Plotvia PROCHECK [29,30]. 
Further validation of the model was done through flexible loop and 
side chain refinement. 
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Results and Discussion
Computational Analysis of the Primary Structure of 
FTDG_01454

To enrich the preference of physicochemical properties in 
different parts of the protein sequence, the sequence was divided 
into three regions, the N-terminus, the middle, and the C-terminus. 
The physicochemical properties obtained by ProtParam and 
ComputpI/Mw (Table 1) allowed determining the molecular 
weight, isoelectric point, instability index, lifetime, aliphatic 
index and hydropathy. On the other hand, the results obtained 
from ProtScale(Fig.1) revealed that FTDG_01454 is amphipathic, 
allowing the identification of its hydrophobic and hydrophilic 
regions, where the score function residue is observed. The highest 
peaks correspond to the hydrophobic regions, while the lowest 
close to -1.5 indicate the hydrophilic regions. It was determined 
that the protein has 8 hydrophobic regions and 7 hydrophilic 
regions. The secondary structure predicted showed that the protein 
has 6 alpha helices corresponding to 30.63 % of the protein, 
8 unfolded strands corresponding to 18.47 % and 41.89 % of 
intercalated loops between helices and unfolded strains According 
to the molecular weight and the stability index of FTDG_01454, 
this protein can be classified as a powerful immunogen, given that 
the compounds with molecular weight between 10 to 100 kDa 
and stability indexes below 40 can be classified as such[31]. The 
aliphatic index, which determines the relative volume occupied 
by aliphatic side chains, showed a high value; this indicates that 
the protein FTDG_01454 tends to have a high thermostability. 
Regarding the overall hydropathy, the results show the capacity 
of FTDG_01454to stablish water interaction; this measure is 
based on the amount of energy (kal mol-1) that is used to transfer 
a segment of defined sequence length from a hydrophobic 
medium to a hydrophilic medium. According to the hydrophilic 
and hydrophobic regions revealed by Protscale, one part of the 
structure might be in contact with aqueous medium and the other 
part might be in contact with the inside of the cell membrane. 

Physicochemical properties  of the hypothetical protein 
FTDG_01454 of F. tularensis

Properties value

Number of amino acids 222

Molecular weight (kDa) 24.64
Stability index 26.89

Isoelectric point 5.43
Time of life (Hours) 30

Aliphatic Index 102.75

Hydropathy overall average 0.081

Table 1: Physicochemical properties of the hypothetical protein 
FTDG_01454 of F. tularensis calculated by using ProtParam.

Figure 1: Analysis of the hydropathic of the hypothetical protein 
FTDG_01454 based on the values of Kyte and Doolittle, using a window 
of 9 residues.

According to the secondary structure of FTDG_01454, 
the stability of the protein is clearly evidenced by the prevalence 
of loops that make these molecules more flexible; this can be 
explained by the functional need for easy interaction with other 
proteins [32], which is corroborated by the stability index of 26.89. 
This finding is an indication that the protein might actually occur 
naturally [33].

Structural and Functional Aspects
The FTDG_01454 homology model was built using as a 

template the crystal structure of carboxylesterase/phospholipase 
family protein from Francisella tularensis, and was subjected 
to 40 ns - restrained MDs. The RMSD of the position for all 
backbone atoms of the model from their initial configuration as 
a function of simulation time is illustrated in the Figure 2A. The 
model was equilibrated around 2 ns of MDs. The RMSD value 
remains within 2 Å, demonstrating the conformational stability 
of the protein. Ramachandran plots were used to test how well 
the φ and ψ angles cluster before and after MDs (Figure 2B). The 
predicted 3D structure for FTDG_01454 protein is shown in Figure 
3, In order to verify that the obtained model is similar to native 
proteins, a Ramachandran plot was calculated using the Procheck 
server [29]. As seen in Figure 2B, more than 90 % of the residues 
were located in the most favored regions of the plot. This shows 
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that the conformational characteristics of the modeled structure are similar to the native proteins.

Figure 2A: Results of the 40 ns – MDs. A. RMSD for backbone atoms during restricted MDs.

Figure 2B: Ramachandran plots at before (0 ns) and after (40 ns) MDs.

Figure 3: 3D structure of FTDG 01454, generated by homology modeling after 40 ns MDs.
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Given that there is not available information for the hypothetical 
protein FTDG_01454 regarding to its possible involvement in the 
phatogenesis; the description of molecular functions and structure 
is a challenging task. The multiple sequence alignment created 
with 10 domain profiles of the protein sequence FTDG_01454 
allowed the identification of Serine hydrolases domains. Serine 
hydrolases (EC 3.1) are members of the highly conserved α/β-
hydrolase enzyme superfamily and are involved in a variety of 
key biological processes in both eukaryotes and prokaryotes [34]. 
Members of the serine hydrolase protein family are among current 
targets to treat diverse bacterial infections [35]. The catalytic 
triad typically involves three residues: (catalytic triad): a serine, 
a glutamate or aspartate and a histidine, and often the mechanism 
involves a nucleophilic attack on a carbonyl carbón atom. As for 
predicting the function of FTDG_01454 an alpha/ beta hydrolase 
fold was identified, which core is an alpha / beta sheet with 8 
strands connected by helices with folds that form a catalytic triad 
[36] involved in the non-ribosomal synthesis of peptides. 

From the predictable possible functions for FTDG_01454 
protein, particularly hydrolytic catalysis of carboxylesterase, it 
would play a very important role in giving it a special antibiotic 
resistance as it allows the hydrolysis of CO, CN or CC [37] and 
cellular detoxification of xenobiotics [38]. The protein FTDG_01454 
seems to also have a hydrolytic function of phospholipids for the 
production of aliphatic monocarboxylic acids. The future study of 
the carboxylesterase FTDG_01454 of F. tularensis and its possible 
interactions with different ligands and metabolites could generate 
valuable information that would allow the neutralization of the 
defense mechanisms of the bacteria and the prevention of the 
occurrence of biochemical cascades necessary for the development 
of the tularemia. 

Concluding Remarks 
Despite intense efforts to characterize the disease caused 

by Francisella tularensis its ability to produce disease is not 
completely understood. Herein we present a structural and 
functional study of FTDG_01454 protein from F. tularensis to 
allow a better understanding on the role of this protein in the 
physiology of this bacterium. Although it has been demonstrated 
that F. tularensis can inhibit the development of the immune 
response [39,40], molecular basis for the infection by Francisella 
spp., have not been fully understood. 

The structural resemblance of the conformation of 
FTDG_01454 to the Corresponding structural homologuerein 
forces the hypothesis that FTDG_01454 belong to a family of 
serine hydrolases and suggests catalytic activity and membrane 
association. Finally, FTDG_01454is a cytosol protein. Taken 
together with its involvement in carboxylesterase activities, 
suggests the need to predict the celular compartment as part of 

a comprehensive understanding of functionThe structural and 
functional study of FTDG_01454 could lead us to the understanding 
and provide an advance in the knowledge for targeting inhibitors 
of bacterial for the treatment of tularemia.
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